A genetically encoded metallothionein tag enabling efficient protein detection by electron microscopy.
The observation of biological materials by transmission electron microscopy (TEM) frequently requires the use of negative staining and/or immuno-gold labeling to visualize or identify the specimen, but these techniques are limited. In contrast, genetic labeling with green fluorescent protein (GFP) and its homologs have led to rapid advances in the observation of proteins of interest in cells by light microscopy (LM). These fluorescent tags allow for the visualization of dynamic processes in live cells without the use of secondary reagents. Here, we report the development of an artificial metalloprotein fusion protein expressed in Escherichia coli grown in Cd(2+)-containing medium that allows for efficient protein detection by TEM without additional staining steps. We linked the subunits of the bacterial 14-mer protein GroEL with three repeats of metallothionein (3MT). The 3MT-fused GroEL (GroEL-14(3MT)) was successfully expressed in E. coli, and the purified protein included 250 cadmium atoms per molecule on average. Cd(2+)-bound GroEL-14(3MT) was detected by TEM in the absence of negative staining on a carbon grid, and the particle densities of GroEL-14(3MT) were much greater than those of untagged GroEL in vitreous ice. Taken together, our data indicate that the 3MT tag provides a promising means of allowing the identification of oligomeric proteins isolated from cells in the absence of other detection techniques.